Lattice energy is the energy needed to form crystals of a compound from the individual molecules. It is related to the stability of a compound in the solid state. In this study, systematic cluster method has been applied to obtain the lattice energy of urea. Using this method, the effect of solid state environment is included in a systematic way. Starting from the small clusters containing a few molecules, the largest cluster we studied contains 84 molecules. In order to improve the results from the cluster method using Gaussian 09 program, correction using the D3BJ program was included. The results show that, when compared to the experimental value, the lattice energies obtained were under-estimated for all the theoretical levels considered. Generally, application of the systematic cluster method shows decrease in calculated lattice energy as more molecules were included in the clusters and becomes closer to the experimental value of urea. Of all the levels considered, B3LYP/DEF2-TZVP with correctional terms provides the closest value to the one from the experiment.
INTRODUCTION
Changes in organic compound's structure and properties affect the handling and processing of the materials, hence control the final product usage (Cruz-Cabeza et al., 2014) . The existence of different stable conformers is considered as one of the important occurrence in pharmaceutical and material industries. Ritonavir, an HIV drug widely known as an example of conformational polymorphism, is found to exist in two different forms ("cis" and "trans") . Since "cis" form is more stable than "trans" form but fail to perform as anticipated, it was eventually withdrawn from the pharmaceutical industry (Bauer et al., 2001) . Thus, researchers aim to identify low lattice energy conformer as it describes the most stable lattice structure.
In a theoretical study, reliable computational prediction of lattice energy is of crucial importance to simulate the structure of organic compound (Feng et al., 2006) . Reliable computational prediction enables the accurate treatment of different types of intermolecular interactions, including electrostatics, induction and dispersion. KohnSham density functional theory (KS-DFT) is a method known to account for electrostatic and induction interactions of molecular crystals (Sousa et al., 2007; Kohn et al., 1996) . However, semilocal functionals fail to adequately model the dispersion interaction (Pérez-Jordá et al., 1995) . Thus, development of dispersion-including DFT model had gained attention from researchers. Semiclassical dispersion correction is known to be less computationally demanding than other dispersion correction methods (Beran, 2016) . This add-on corrections, for example the D3 scheme formulated by Grimme et al. (Nangia, 2006) , is enough in predicting the organic compound behaviour (Dennington et al., 2006 ). Further refinement of this method includes the damping scheme. Similar to D3, this new method, known as D3BJ does not affect the long range decay of the dispersion energy but improves the dispersion energy decays to zero at short range part of D3. D3BJ has proven its reliability as it gives less average error compared to non-dispersion corrected calculation and D3 dispersion-corrected DFT scheme Christensen et al., 2016) . Hence, D3BJ is preferred over D3 scheme.
Crystalline solid is structured from an infinite number of molecules which include the intermolecular interaction effects from the neighbouring molecule. Thus, to elucidate this environment, the interactions between neighbouring molecules have to be considered. However, supramolecular approach usually has the basis set superposition error (BSSE) due to unbalanced basis set expansion of monomer. The counterpoise (CP) scheme by Boys and Bernardi can be used for this problem (Boys et al., 1970) but it only considers intermolecular BSSE of non-covalently bound dimer complexes. Another scheme, known as geometrical counterpoise (gCP), offers estimation of the inter-and intra-molecular BSSE for DFT calculations with various basis sets (Kruse et al., 2012) . gCP estimates the correction only based on the cartesian coordinates of the molecules or complexes.
EXPERIMENTAL
In this study, systematic cluster calculations were performed on clusters with increasing number of molecules. Coordinates of urea are generated with 1Å increment starting from 3Å distance as shown in Figure 1 (a) (excluding one-molecule and dimer cluster) until 10Å distance (Figure 1(b) ). This study produced a total of 10 clusters
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(including one-molecule and dimer cluster) with the largest contains 85 molecules of urea. Thus, this cluster is considered to represent better the intermolecular energy and mimics the solid state environment compared to the used of small-sized clusters. The coordinates used for urea molecules were obtained from Crystallography Information File through the Cambridge Structural Database (CSD) (Zavodnik et al., 1999) . Official CSD visualizer program, Mercury (Macrae et al., 2008) was utilized to generate the coordinates of the cluster molecules.
Theoretical calculations were performed with Gaussian 09 suite of program by utilizing DFT at B3LYP level of theory with DEF2-TZVP as the basis set (Frisch et al., 2009 ). The scheme known as D3BJ was used for the calculation of the dispersion energy, while for BSSE correction, gCP scheme (Kruse et al., 2012) was used. Results were visualized with GaussView 4.1 (Dennington et al., 2006 ).
Total energy is described as
where total E is the total energy of the cluster which includes the 
where n is the number of molecules in the cluster and molecule E is the energy of the single molecule. In this study, compound of interest is urea. It is a simple molecule that has been the subject of many experimental and theoretical studies (Spoliti et al., 1997; Civalleri et al., 2007) . Experimental lattice energy (99.43 kJ mol 
RESULTS AND DISCUSSION
The results of the systematic cluster calculations are tabulated in Table 1 by dispersion or BSSE correction scheme, both graphs with or without correction have the same pattern, hence, in conclusion, still remains the same with or without correction. Inclusion of the dispersion correction and gCP scheme in molecule is also presented in Figure 2 . We found that with inclusion of the dispersion corrections, rel E is more negative than those without, (where in our notations is more stable). As D3BJ has negative values, the net result is the increased cohesiveness of the molecules. Hence, the inclusion of the correction schemes gave a more strongly bounded picture for the molecules. However, as the gCP is included, result shows the relative energy was high-shifted compared to the dispersion correction result. .
Table 1 Energies of urea clusters; (a) without dispersion correction, (b) with dispersion correction (D3BJ), and (c) with dispersion correction (D3BJ) and BSSE correction (gCP).
(a) . This MEP mapped surface is related to the electronic density and descriptor for determining sides for electrophilic and nucleophilic reactions (Sendil et al., 2016) . The colour denotes the reactivity of the region; blue is most positive electrostatic potential, red is most electronegative electrostatic potential and green represents regions of neutral potential. As shown in Figure 4 (a), for one-molecule urea the reactive region is at the oxygen of the molecule. Same reactive region is shown for MEP surface of two-molecule ureas. However only the top molecule has reactive region while the bottom one is totally green which shows that the bottom molecule is not reactive. Compared to Figure 2 , the twomolecule ureas is more stable since only one molecule has a reactive side while the other molecule has not. Thus, the average energy for a dimer is lower than that of a one-molecule urea. Same situation describes the decrement of urea energy as number of molecule increases. 
CONCLUSION
We presented the applications of the systematic cluster method with the dispersion and BSSE correction effect included. Systematic increase in the number of molecules shows the effect of inter-and intramolecular interaction to the cluster molecule. At larger number of molecules, energy was more consistent and stable to mimic the solid state environment. The stability of urea molecule was also studied from the aspects of molecular orbitals and electron distributions. Our results show that the inclusion of the D3BJ and gCP correctional schemes is preferable for lattice energy calculations.
